Abstract: This paper aims to provide an examination of the general and heterogeneous allowed treatment effects of high-speed rail (HSR) on tourism in cities in China. Based on the implementation of a generalized difference-in-differences (GDID) model and a dose-response (DR) assessment under a quasi-experimental background, this study found significant evidence of a positive average effect of HSR operation on tourism development for both domestic and international tourism. The event study indicates that the counterfactual method implied in this paper is valid, since the parallel trend assumption is confirmed, and the treatment effect of HSR on city tourism has an upwardly increasing trend over time. The heterogeneity test, which separates large cities from medium-sized and small cities, shows that the effect is quite different for the two city types; the effect is not optimistic for large cities, but it is consistently positive for medium-sized and small cities. As an original contribution, this paper conducts a DR study, allowing heterogeneous treatment effects to be captured when cities have different HSR development statuses. This novel method relaxes the strong assumption that there is only one effect level on average for all cities. The results argue that cities with higher HSR development will enjoy more benefits in terms of arrivals and revenues both from home and abroad; however, there are significant differences for the two city groups, as well as for domestic and international tourism. Thus, the findings can offer important information for policy decision making and serve as a valuable reference for research, especially regarding the conclusion drawn from the heterogeneity effect based on city size and HSR development status.
Introduction
High-speed rail (HSR) construction has been one of the most remarkable moves taken by the Chinese government in the past 10 years [1] , and the tourism industry, which is strongly tied to transportation infrastructure [2] , is absolutely correlated with HSR. Previous studies have shown that HSR is viewed as an important tool for the central government to reshape the spatial economy across regions, and it is closely and unquestionably associated with the local development of China; "HSR hot" (Gao Tie Re) brings major changes to tourism development across Chinese regions [1] . With its high speed, HSR has significantly shortened the travel time between cities and regions; thus, it is believed that the spillover effects of these rail networks will bring certain benefits and advantages for both tourists and the development of the tourism industry [3] . Thus, in general, HSR operations have had a positive effect on the tourism economy; however, whether the increase in the number of tourists can be attributed to HSR operation remains unclear [4] , and the precise effect of HSR is a much-debated topic in academic papers. Therefore, an empirical evaluation is urgently needed, and the same is true for China. Accordingly, the major work of this paper is to provide an empirical test of the influence of this specific type of infrastructure, taking the operation of HSR as a quasi-experiment under a assessment is a way to quantitatively describe the relationship between the intensity of a treatment regimen (the dose) and the likelihood of the effects (the responses). It was first used in medicine and then in economics; the Stata code for DR assessment was written by Giovanni Cerulli from the National Research Council of Italy), is adopted to estimate the heterogeneous effects caused by HSR, since cities may react heterogeneously to observable treatment levels. Originally, this novel approach was mainly used in testing drug reactions in the medicine field; as a methodological innovation for comparison, we apply it to estimate a dose-response function (DRF) of the effects of HSR on tourism. In this way, it relaxes the assumption that all cities in China share the same quantity treatment effect of HSR operation, making the empirical evidence more reliable and realistic, which is another key component that makes our work a seminal study in the comparative literature.
The structure of this paper is organized as follows. Section 2 provides a literature review on the impact of HSR on tourism. Section 3 contains the identification strategy with the quasi-experiment, as well as the way in which we treat HSR development as a dose; then, a simple description of the variables and data sources is presented. In Section 4, we perform the estimations and subsequently discuss the findings. Finally, Section 5 is devoted to our conclusions.
Literature Review
Tourism is an important type of economic component, and it is strongly and particularly linked with HSR [20] , especially in countries, cities, or regions that hold objective tourism shares in economic development. Studies have been carried out to estimate the influences of HSR on tourism and the economy using datasets from different countries [8, 14, 17, [21] [22] [23] . Some of them focused on the relationship between different types of transportation, such as rail and air, and found that HSR produces both substitution and complementarity effects on tourism [24] [25] [26] [27] , and has a positive overall effect, increasing tourist arrivals. In regard to overall economic development, the results show that HSR has mixed and conditional effects when referring to different countries, regions, and cities, owing to the varied economic externalities resulting from HSR operation [21] . A major study recognizes the critical role played by HSR in the development of the local economy. For example, Gutiérrez et al. [28] found that spatial spillover effects have a large impact on cities along HSR lines, but that they are not necessarily positive. Qin [29] examined the distributional impacts of train speed upgrades in China using a dataset of counties; the study found a negative effect in which Chinese counties suffered from reductions in economic growth, but heterogeneous effects across sectors. Therefore, the tourism economy of cities will change as the overall growth responds to HSR operation.
Regarding the relationship between HSR and tourism, the vast majority of researchers have failed to reach consensus regarding the positive treatment effect, even though many of them support this view. In terms of positive effects, existing research recognizes the critical role played by the HSR network in improving tourism accessibility and increasing tourism demand [13, 16, [30] [31] [32] by decreasing the travel time. Campa and López-Lambas [33] provided highly conspicuous and positive empirical evidence of the effects of HSR on Spanish international tourism, and the same effects hold true for China [5, 34] . HSR operation has also fueled a boom in the day-trip market. Masson and Petiot [14] tested tourism attractiveness changes using the case of HSR between Perpignan and Barcelona. The results show that HSR enhanced tourism market development, and in particular, increased the number of tourists with regard to shopping, going on holiday, and visiting family and friends. Pagliara and Pietra [8] found that HSR increases the number of international visitors to nearby cities. Gao et al. [24] found that the HSR dose has a positive effect on increasing the number of arrivals, but has no significant effect with regard to tourism revenue growth. In addition, investigating tourism behavior, Bazin et al. [16] found that tourists are highly likely to choose HSR for the sake of avoiding congestion and enjoying comfortable travel. Wang et al. [35] conducted an individual survey of Chinese tourists and found that higher-income and higher-educated people are the main body of tourists, and they showed higher rates of travel when HSR becomes available. Thus, HSR has been a prominent policy tool of transportation that directly and fundamentally affects the degree of regional development and tourism [36, 37] , making tourist destinations much more convenient and accessible by compressing the travel time.
However, there have also been some negative conclusions regarding the effect of HSR on tourism. Albalate and Fageda [21] found a suggested negative indirect effect through air traffic and a weak direct effect of HSR on tourist outcomes; thus, the net treatment effect is not consistently positive. Albalate et al. [4] carried out a case study of Spanish HSR (Alta Velocidad Española, AVE) using data on 124 municipalities from 2005 to 2012, and found that the treatment effect of AVE is extremely weak under empirical testing. Pagliara and Pietra [8] argued that for European countries, HSR has little impact on international tourism, since tourists mostly travel by air. From the perspective of overnight stays, HSR plays a reduction role in the stay length of tourists [38] . Yin et al. [5] reviewed the studies arguing for a nonpositive impact of HSR on tourism, and found that HSR is less likely to intervene in international tourism. Moreover, HSR has a negative impact on immigrants in Madrid through substitution, subsequently leading to tourism degradation [21] .
Why is there opposing evidence? The reason may essentially lie with the city rank gradient, which portrays the size and the status (both economic and political) of cities. As noted by Delaplace [13] , city size appears to be a determinant of the effect of HSR on tourism. Considering the core-periphery model [39] , and consistent with other analytical studies focusing on the economic effects of HSR, such as Qin [29] and Zheng and Kahn [40] , studies have also shown that the agglomeration effect of HSR is central city polarized [24, 41, 42] . In other words, heterogeneous effects might exist across cities. Masson and Petiot [14] have even tested this kind of impact using European data. Furthermore, Wang et al. [43] found a Matthew effect for large and core cities, and others have argued for a limited promotion effect on international tourism [15, 34] . Considering both core and peripheral areas, it has been claimed that Paris has enjoyed a significant centralizing effect from France's HSR network [13] . Wang et al. [44] showed an increased level of local tourism competition due to HSR in China, and EI-Geneidy et al. [45] suggested that HSR operation might lead to a new spatial inequity in tourism, it could also happen in China.
From a methodological perspective, the literature has documented that the DID model is an accessible and well-defined model for identifying the effects of HSR on tourism; accordingly, this counterfactual analysis model has been widely used [4, 21, 34] . However, HSR may not be a policy intervention that is exogenous and clearly identical to a two-period model in China, because HSR stations are not opening in the same year. Thus, an identification strategy such as that of Autor [46] , who uses the GDID framework, is introduced into our analysis. Furthermore, DR analysis is applied to describe the heterogonous treatment effect of HSR on the tourism of Chinese cities since, intuitively, the economic implications for cities vary by their different conditions and HSR transport infrastructure endowments.
Methodology and Data

Background and Identification Strategy
The goal of this paper is to reveal the treatment effects of HSR on tourism across China cities. Specifically, HSR operation may enhance tourism development, as travel becomes easier. To test the performance of the effects of HSR on cities, the GDID strategy is applied and modified to estimate the potential changes in tourism outcomes before and after HSR operation, which is a quasi-experimental approach. In China, over several rounds of railway acceleration spanning the 1997-2007 period, China's National Railway Administration began building more advanced and faster HSR networks, with speeds reaching 200 to 350 km/h, to develop the spatial economy across regions. Since the "Medium and Long-term Railway Network Plan" was formulated, there has been an HSR construction boom in China [47] . By the end of 2018, China's HSR mileage had reached 29,000 km, and nearly 80% of major cities were covered. This network is expected to shorten the time distances between adjacent cites [48] , which could substantially make travel more convenient for tourists.
Previous studies argued that the operation of HSR in China could be viewed as a quasi-experiment [29, 49] for two main reasons. First, the National Development and Reform Commission and the National Railway Administration determine the construction of HSR lines and stations; local governments (provincial or municipal) do not have this discretionary power [50] . Second, the purpose of HSR networks is to link regional central cities, as a result of which most cities along HSR routes are not treated, owing to their own characteristics [29] . Therefore, HSR can be roughly considered exogenous, and under a quasi-experimental framework, we can then estimate the effects of HSR on tourism using data on Chinese cities.
Although HSR brings benefits with respect to the connections between cities, the treatment effects on cities still need to be tested in an empirical context, especially for cities of varying sizes. Following classic papers, such as that by Moser and Voena [51] , the DID method is a counterfactual and appropriate way to identify the average treatment effects for cities with or without the HSR intervention. Traditionally, this method will make sense when we know the performance in both the preintervention state and the postintervention time [19] . However, in our case, there is still some difficulty in valuing the net effect from the improvement of HSR infrastructure, because not all cities experience the HSR treatment at the same time point in China. As a solution, we turn to the GDID model [18, 46] . Under this new framework, we then compute the net effect through the interaction term of two dummy variables: a dummy variable indicating the HSR treatment, and a dummy variable indicating the postintervention period, with time and individual fixed effects controlled using a high-degree fixed effect regression command in Stata 15.1. According to Section 2, HSR is generally expected to be an advanced provision of appropriate transportation facilities for regional development and tourism growth.
The estimation equation can be expressed as follows:
where tourism is the outcome variables of city i at time t. In this paper, we use two categories of outcome variables: (a) the number of domestic tourists and the revenue from domestic tourists, which are denoted by ndt and rdt, respectively, and (b) the number of international tourists and the revenue from international tourists, which are denoted by nit and rit, respectively. HSR × Post is the double-difference term of the GDID model, where HSR denotes whether city i has at least one HSR line/station in operation or not during our research period, and Post denotes the state before and after the HSR intervention for each year. X is a vector that contains control variables such as the population size (pop), city area (area), economic development level (pgdp), road mileage (road), income level (inc), and living expenses of urban residents (living). We also considered the political factor using a dummy variable to indicate the change in government leaders, which is denoted by DCG. To estimate the effects more precisely, we need to control not only the economic factors mentioned above, but also the attractiveness of a city as a tourism destination, since tourism assets may attract tourists. Accordingly, the number of 5A (AAAAA) scenic spots (5A) and World Heritage Sites (heritage) are included, referring to Gao et al. [24] . In the same vein, to obtain improved estimation results, we include air (the logarithm of air passenger trips) as another control variable to measure alternative connectivity and/or accessibility for both domestic and foreign visitors (I would like to thank the anonymous reviewer for the insightful comments and suggestions here.); B is the corresponding vector of the coefficients. This equation controls the fixed effects at the city and year levels, which are denoted by terms α i and θ t , respectively. For a DID model, especially for a multiple-period panel data situation, there has long been a critical discussion over whether the parallel trend hypothesis is a prerequisite. In other words, the tourism development of cities with HSR should share the same trend over time with cities without HSR; only in this way can we reach an unbiased causality effect from experiencing the intervention of HSR. To provide a robust and visualized check, we show a graphical representation of the time trend and apply an event study model. Accordingly, we generate an event time variable, which is denoted by τ, and indicates the relative time to the initial HSR operation; τ equals 0 for the first year of HSR operation, and τ is negative before HSR operation and positive after HSR operation. For example, if HSR begins operating in city i in 2008, τ equals −2 in 2006, and 2 in 2010. Then, we use the indicator 1{τ = k} to replace the original term Post; 1{τ = k} is equal to one when τ = k, otherwise, it is zero. In this way, an event study graph that plots the dynamic effects of HSR on tourism performance can be derived from the following model:
If the cities in the control group and treatment group have similar preintervention trends in terms of tourism or the coefficients before HSR operation are nonsignificant, then the parallel trend assumption is confirmed. More details about the test results are discussed below in Section 4.
Data and Variables
To estimate the effect of HSR on cities, we compare the tourism performance of cities with and without HSR operation from 2003 to 2015. Therefore, the railway status information of prefecture-level cities is needed, and this paper collected HSR data in two steps. In the first step, we collected the construction and operation information on HSR lines announced by the State Railway Corporation since 2003. In the second step, we counted the number of HSR lines/stations of each city based on information released by China's National Railway Administration and www.12306.cn, the official railway administration and train ticket website. Then, a dataset including the name and operation time of the cities affected by HSR was constructed. In addition, the HSR development level was also collected for more in-depth purposes, using the number of lines/stations as the proxy for this development level; for each additional line or stop in operation, one will be added to its value.
For the city statistics data, these data are collected from the China Regional Economic Database provided by Easy Professional Superior (EPS). EPS gathers data from the National Bureau of Statistics and provides statistics on more than 400 prefecture-level cities in 31 provinces, in terms of industry, agriculture, education, public health, the overall economy, capital construction, and social security, as well as the tourism term discussed. With such coverage, users can apply these data in their studies and analyses, which, in turn, helps to obtain the dynamics and trend of development. The data of 5A scenic spots and the world heritage sites are collected based on "The List of China National 5a Scenic Spots in 2018" and the "World Heritage tentative list in China in 2018", both of which reported the year of assessment for each spot or heritage. To control the impact of air service, this paper collected the "Chinese Airport Data and Rankings" from 2003 to 2017.
Furthermore, since we group cities into large cities and medium-sized or small cities, what are the criteria? To obtain objective criteria, we refer to a credible and relatively authoritative report, the "Complete List of the Classification of Chinese Cities in 2017 (including 338 Prefecture-level Cities)". This report was issued by the Rising Lab of China Business News Weekly (CBNW) and provides a five-level classification of cities in China based on an index algorithm considering five first-level indicators: the business resource agglomeration index, city hub index, city people activity index, lifestyle diversity index, and future plasticity index. More details about the index algorithm can be found in Appendix A. The cities listed in classes 1 and 2 are mostly central cities, provincial capital cities, vice-provincial cities, or cities with a higher development capacity, while the cities listed in the remaining classes are clearly not leading cities in regions, regardless of their economic or social characteristics. Therefore, this report provides us with a more comprehensive criterion to distinguish cities into two groups by regarding the cities in classes 1 and 2 as large cities and the cities in classes 3 to 5 as medium-sized and small cities. Accordingly, the final sample contains 49 large cities and 276 medium-sized or small cities.
Based on the major data sources above, the city-level panel is matched using city names, and Table 1 presents the definitions and descriptive statistics of the various variables. Figure 1 illustrates the difference between the two groups, taking domestic and international tourist arrivals as an example. On the one hand, the average tourism development level of the two groups shows a common trend before HSR operation; on the other hand, there are differences for large cities and medium-sized or small cities in terms of their tourism scales and volatilities. In addition, there seems to be little difference in domestic tourist arrivals for large cities, but there is a significant difference for medium-sized and small cities. Visual inspection suggests that HSR may bring benefits for large cities, but harm medium-sized and small cities. Certainly, this suggestion is based merely on visual inspection, and it is not necessarily accurate; thus, econometric analysis is conducted to provide a detailed discussion. cities, but harm medium-sized and small cities. Certainly, this suggestion is based merely on visual inspection, and it is not necessarily accurate; thus, econometric analysis is conducted to provide a detailed discussion. 
Results and Discussion
Generalized Difference-in-Differences Estimation
First, we estimated Equation (1) to provide several baseline results by considering four outcome variables: the number of domestic tourists, domestic tourism revenue, the number of international tourists, and international tourism revenue. With the interaction term HSR × Post, Table 2 shows that the treatment effects are significantly positive overall both without and with the control variables overall, and these results are maintained and robust for both domestic and international tourism and for both the number of tourists and tourism revenue. This finding indicates that in general, HSR operation has a remarkably positive effect on city tourism. HSR operation causes domestic tourist arrivals to increase by 3.41 million and international arrivals to increase by 0.05 million; additionally, tourism revenue increased by 2.94 billion and 0.40 billion yuan for domestic and foreign tourism, respectively. This result is consistent with Gao et al. [24] , who found that arrivals increased, but the tourism revenue differed. These authors did not think that HSR brought benefits for tourism revenue. However, our result is not contradicted by the mechanisms that have previously been studied; for example, Chen and Haynes [15] argued that HSR will lead to an increase in tourism revenues, owing to its superiority. Note: Standard errors are in parentheses; *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively; both time-fixed and city-fixed effects are controlled.
For the control variables, there is a sharp decline in the coefficient of HSR × Post after the intervention, which means that the effects of HSR would be overvalued without controls. Among the control variables, population has a significant effect on both tourist arrivals and tourism revenue. The city area seems to have little impact on tourism, with the coefficients of area being nonsignificant. The development level pgdp seems to have little impact on arrivals, but it has a notable impact on revenues: for ndt and nit, the coefficient of pgdp is not significant, but for rdt and rit, it is significant at the levels of 1% and 5%, respectively. That is, for every 10,000 yuan increment in gross domestic product (GDP) per capita, cities will receive 0.74 billion and 0.04 billion yuan from domestic and international tourism, respectively. Road mileage is a meaningful factor that stimulates tourist arrivals and revenues from home rather than abroad, with coefficients that are significant for domestic tourism but nonsignificant for international tourism, which might indicate the existence of short trips. Income level has positive and significant overall effects at the 1% level; a higher income usually means a better city, and will make a city more attractive. On average, every 10,000 yuan increment in income will cause increases in arrivals of 14.21 million and 0.13 million from home and abroad, respectively. However, the coefficients of living consumption expenditure are negative for domestic tourism, but nonsignificant for international tourism. Furthermore, tourism assets such as 5A scenic spots and World Heritage Sites have positive impacts on both tourism arrivals and revenues, but we do not find significant impacts of air passenger trips on tourism when the variables listed in Table 1 are controlled.
Event Study
The event study will provide estimators representing the trends of the treatment effects of an intervention on time lines. Based on Equation (2), we estimated and plotted the event study coefficients and their 95% confidence intervals within a 15-year time window, as shown in Figure 2 . This method is the second way in which we conducted our parallel trend test.
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In Figure 2 , each graph corresponds to the four tourism outcome variables, i.e., number of domestic tourists (billion persons) (ndt), domestic tourism revenue (billion yuan) (rdt), number of international tourists (billion persons) (nit), and international tourism revenue (billion yuan) (rit), all of which support the validity of the GDID model, since almost all of the coefficients are nonsignificant before τ = 0, which indicates that the parallel trend assumption is confirmed. The plots also suggest that there is a significant increase in the effects on tourism development after HSR operation, which is consistent with the previous estimation. In addition, the effect of HSR on tourism clearly increases over time. Furthermore, we can obverse a slight drop in foreign tourism in recent years, which may have some relationship with changes in the global economy. 
Heterogeneity
As pointed out previously, city size matters in the performance of tourism as affected by HSR. Thus, we group cities into large cities and medium-sized or small cities; then, heterogeneity estimators are calculated for each subsample. The results are presented in Table 3 . Columns (1) to (4) show that, using the large city sample, neither domestic nor international tourist arrivals suffer a significant effect from HSR; however, the HSR dose affects international tourism revenue, which indicates that foreign arrivals are likely to spend more money in large cities, and that domestic In Figure 2 , each graph corresponds to the four tourism outcome variables, i.e., number of domestic tourists (billion persons) (ndt), domestic tourism revenue (billion yuan) (rdt), number of international tourists (billion persons) (nit), and international tourism revenue (billion yuan) (rit), all of which support the validity of the GDID model, since almost all of the coefficients are nonsignificant before τ = 0, which indicates that the parallel trend assumption is confirmed. The plots also suggest that there is a significant increase in the effects on tourism development after HSR operation, which is consistent with the previous estimation. In addition, the effect of HSR on tourism clearly increases over time. Furthermore, we can obverse a slight drop in foreign tourism in recent years, which may have some relationship with changes in the global economy.
As pointed out previously, city size matters in the performance of tourism as affected by HSR. Thus, we group cities into large cities and medium-sized or small cities; then, heterogeneity estimators are calculated for each subsample. The results are presented in Table 3 . Columns (1) to (4) show that, using the large city sample, neither domestic nor international tourist arrivals suffer a significant effect from HSR; however, the HSR dose affects international tourism revenue, which indicates that foreign arrivals are likely to spend more money in large cities, and that domestic tourists seem unlikely to visit large cities as a result of HSR. Regarding the effect of HSR operation on tourism for medium-sized and small cities, based on columns (5) to (8), we observe size heterogeneities across cities. Specifically, HSR promotes the number of arrivals both from home and from abroad for medium-sized and small cities by 2.92 million and 0.01 million, respectively, and this effect is significant at the 1% level; additionally, HSR increases domestic tourism revenue, but not international tourism revenue. The compared results indicate that as a result of HSR operation, peripheral cities are more likely to be visited by both residents and foreigners, which is consistent with the case of Spain [8] . Our findings support the work of Albalate et al. [12] partly because the impacts of HSR on larger cities are limited. Moreover, there are some new findings: HSR has heterogamous effects on revenue, and there may be some interlinkages between large cities and medium-sized and small cities, as the choice behavior with regard to the tourism destination changes because of HSR. Note: *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.
However, there may be further heterogeneity due to HSR development itself, which has rarely been discussed; that is, the different statues of HSR in cities should have varied effects on tourism. For example, both Shanghai and Xiangtan have HSR in operation, but the former is a large city with eight lines/stations, whereas the latter is a class 4 small city with only one HSR station. It would be unreasonable to assume that they experience the same effect from HSR. The following section performs a DR analysis to capture these kinds of heterogeneities.
Dose-Response Assessment
Previous studies commonly consider the existence of an average treatment effect from HSR, but ignore the heterogeneity among treatment levels [48] . Accordingly, we use the number of HSR lines/stations in a certain city as a dose. As with medicine, different doses may have different effects, and we apply a DR method to estimate the DRF of tourism, as affected by HSR.
In detail, the treatment of the DR model is consistent with HSR × Post, and in our context, we take NH as the dose, where NH donates the number of HSR lines/station. Additionally, to better present the DR graphs, the data are processed according to Equation (3) to obtain the indexed dose variables INH. Then, we apply a fixed effect DR assessment in which the polynomial degree is equal to three to identify nonlinear treatment effects. The results will be shown in figures with DRFs and their 95% confidence intervals.
Considering all cities, we can obtain a clear description of the treatment effects of HSR on tourism, with a more advanced HSR higher-level effect on city tourism taking place, as shown in Figure 3 . At a glance, the HSR development dose affects the tourism of cities, but there are differences in scale and patterns. In this paper, we are more concerned with the different levels of performance between large cities and medium-sized or small cities; thus, the implications are discussed in more detail based on grouped DR assessments. 
Considering all cities, we can obtain a clear description of the treatment effects of HSR on tourism, with a more advanced HSR higher-level effect on city tourism taking place, as shown in Figure 3 . At a glance, the HSR development dose affects the tourism of cities, but there are differences in scale and patterns. In this paper, we are more concerned with the different levels of performance between large cities and medium-sized or small cities; thus, the implications are discussed in more detail based on grouped DR assessments. For large cities, Figure 4 shows that the relationship is nearly linearly increasing, and very precisely estimated for higher levels of the dose, referring to the number of domestic tourists and the revenue of domestic tourism (ndt and rdt). Regarding the specific value, the result is a dose higher than the 30 th percentile, or in terms of NH, it is approximately more than six lines/stations per city. Only a much higher dose of HSR will make sense for international tourism. The plots for nit and rit show that only when the dose reaches 55 and 40, respectively, will the performance of HSR have a significant effect on international tourism; additionally, the variance will increase when the dose reaches 90, making it nonsignificant for rit. Comparing the results presented in Table 3 , we find that For large cities, Figure 4 shows that the relationship is nearly linearly increasing, and very precisely estimated for higher levels of the dose, referring to the number of domestic tourists and the revenue of domestic tourism (ndt and rdt). Regarding the specific value, the result is a dose higher than the 30 th percentile, or in terms of NH, it is approximately more than six lines/stations per city. Only a much higher dose of HSR will make sense for international tourism. The plots for nit and rit show that only when the dose reaches 55 and 40, respectively, will the performance of HSR have a significant effect on international tourism; additionally, the variance will increase when the dose reaches 90, making it nonsignificant for rit. Comparing the results presented in Table 3 , we find that if no heterogeneity effect is assumed, then the underlying treatment effects may be ignored. In addition, the pattern of the response function shows that when cities provide a more developed HSR transportation infrastructure, tourism will be more positively affected by HSR operation in general. if no heterogeneity effect is assumed, then the underlying treatment effects may be ignored. In addition, the pattern of the response function shows that when cities provide a more developed HSR transportation infrastructure, tourism will be more positively affected by HSR operation in general. In Figure 5 , the DR analysis shows that, on the one hand, medium-sized and small cities have less developed HSR infrastructures compared to large cities, and that their maximum INH is approximately 65% that of large cities. On the other hand, with regard to the effect of HSR on tourism, they experience a different pattern, since we find that the response function is clearly nonmonotonic with a cubic polynomial. Numerically, the treatment effects are visually and relatively smaller than those for large cities. For illustration purposes, the response vertical axis scale has a range of [−10, 10] compared to [0, 150] for the outcome ndt, and similar phenomena are consistent for the other three dependent variables. In addition, the trends of the response functions are unique for each group. For ndt, HSR will have a significant and positive effect only when INH takes a dose level under 45, and a lower or higher dose will exert a lower effect or even a nonsignificant effect. For nit, when the dose is higher than 30, there will be a significant and positive effect of HSR on tourism for medium-sized and small cites. This result indicates that even when we find significantly positive evidence on average in Table 3 , HSR operation brings benefits only with restrictions on the appropriate level of HSR development. With respect to revenue, the effect will become significant when the dose reaches 10 and 40 for rdt and rit, respectively, but there will be an inflection point for each, after which the treatment effect will be significantly positive and increase with the number of HSR lines/stations. This result means that over a wide range, the tourism of medium-sized and small cities might not enjoy benefits from HSR, since most of these cities have a lower level of HSR development, with an INH mean value equal to only 10.77 compared to 23.75 for large cities in 2013. In other words, small cities have less developed HSR infrastructures; thus, most medium-sized and small cities are actually located on the left side of the DRF.
The DR assessment presents somewhat interesting results in the treatment effect analysis with heterogeneity, because it provides a novel approach to quantifying the impact of HSR operation on city tourism in China. The findings indicate that the HSR operation dose has positive average effects on the tourism of cities, but has underlying heterogeneous treatment effects based on city size and the HSR development level. That is, the tourism development of cities is impacted not only by a In Figure 5 , the DR analysis shows that, on the one hand, medium-sized and small cities have less developed HSR infrastructures compared to large cities, and that their maximum INH is approximately 65% that of large cities. On the other hand, with regard to the effect of HSR on tourism, they experience a different pattern, since we find that the response function is clearly nonmonotonic with a cubic polynomial. Numerically, the treatment effects are visually and relatively smaller than those for large cities. For illustration purposes, the response vertical axis scale has a range of [−10, 10] compared to [0, 150] for the outcome ndt, and similar phenomena are consistent for the other three dependent variables. In addition, the trends of the response functions are unique for each group. For ndt, HSR will have a significant and positive effect only when INH takes a dose level under 45, and a lower or higher dose will exert a lower effect or even a nonsignificant effect. For nit, when the dose is higher than 30, there will be a significant and positive effect of HSR on tourism for medium-sized and small cites. This result indicates that even when we find significantly positive evidence on average in Table 3 , HSR operation brings benefits only with restrictions on the appropriate level of HSR development. With respect to revenue, the effect will become significant when the dose reaches 10 and 40 for rdt and rit, respectively, but there will be an inflection point for each, after which the treatment effect will be significantly positive and increase with the number of HSR lines/stations. This result means that over a wide range, the tourism of medium-sized and small cities might not enjoy benefits from HSR, since most of these cities have a lower level of HSR development, with an INH mean value equal to only 10.77 compared to 23.75 for large cities in 2013. In other words, small cities have less developed HSR infrastructures; thus, most medium-sized and small cities are actually located on the left side of the DRF. point investigated in this paper. As discussed by researchers [14, 24, 43] , HSR is central city polarized in economics, and the effects exerted by HSR on tourism are similar and lead to differences based on the infrastructure statues of HSR. This indicates a much more mixed condition for city tourism development, and the potential spillover effects are underlying because we cannot deny that medium-sized and small cities are linked with large cities by the HSR network, meaning that the treatment effects of one group will infect the other group instead of being within-group only. 
Robustness Check with IVs
Although HSR operation can be treated as a quasi-experiment, readers might still worry about the potential endogeneity issue of site location. To deal with this issue, based on knowledge from Faber [37] and Zheng and Kahn [40] , this paper further applies a robustness check using instrumental variables (IVs). Two variables are constructed: (a) a dummy variable indicating whether a city is on the backbone lines according to the Medium and Long-term Railway Network Plan 2004, and (b) the differenced number of railway stations for each year. The regression results are reported in Table 4 , which shows a conclusion that is robust and consistent with the previous coefficient estimations and that is significant. Figure 6 visualizes the DR assessment with the IVs. We find that the standard error increases partly and that the trend of the response functions is different to some extent, especially for tourism revenues. However, the result is still consistent with our general conclusions, for example, that heterogeneous effects exist, and that an appropriate degree of HSR operation will bring benefits. This result is much more consistent with the results reported in tables 3 and 4, indicating a weak linkage between HSR operation and international tourism development. For more information, readers can contact the author. The DR assessment presents somewhat interesting results in the treatment effect analysis with heterogeneity, because it provides a novel approach to quantifying the impact of HSR operation on city tourism in China. The findings indicate that the HSR operation dose has positive average effects on the tourism of cities, but has underlying heterogeneous treatment effects based on city size and the HSR development level. That is, the tourism development of cities is impacted not only by a binary treatment status of HSR, but also by a continuous exposure to the HSR infrastructure stock. This heterogeneity, which has often been ignored and rarely discussed in previous studies, is a key point investigated in this paper. As discussed by researchers [14, 24, 43] , HSR is central city polarized in economics, and the effects exerted by HSR on tourism are similar and lead to differences based on the infrastructure statues of HSR. This indicates a much more mixed condition for city tourism development, and the potential spillover effects are underlying because we cannot deny that medium-sized and small cities are linked with large cities by the HSR network, meaning that the treatment effects of one group will infect the other group instead of being within-group only.
Although HSR operation can be treated as a quasi-experiment, readers might still worry about the potential endogeneity issue of site location. To deal with this issue, based on knowledge from Faber [37] and Zheng and Kahn [40] , this paper further applies a robustness check using instrumental variables (IVs). Two variables are constructed: (a) a dummy variable indicating whether a city is on the backbone lines according to the Medium and Long-term Railway Network Plan 2004, and (b) the differenced number of railway stations for each year. The regression results are reported in Table 4 , which shows a conclusion that is robust and consistent with the previous coefficient estimations and that is significant. Figure 6 visualizes the DR assessment with the IVs. We find that the standard error increases partly and that the trend of the response functions is different to some extent, especially for tourism revenues. However, the result is still consistent with our general conclusions, for example, that heterogeneous effects exist, and that an appropriate degree of HSR operation will bring benefits. This result is much more consistent with the results reported in Tables 3 and 4 , indicating a weak linkage between HSR operation and international tourism development. For more information, readers can contact the author. Note: For the sake of simplicity, the control variables and fixed effects are controlled but not reported, and the estimations use a two-stage least squares method with instrumental variables; *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.
Conclusions
HSR is supposed to promote economic and social development, as well as tourism. However, the treatment effects of HSR on city tourism may be heterogeneous due to city size and the intensity of the HSR infrastructure. The quasi-experiment of HSR operation in China since 2008 provides an 
HSR is supposed to promote economic and social development, as well as tourism. However, the treatment effects of HSR on city tourism may be heterogeneous due to city size and the intensity of the HSR infrastructure. The quasi-experiment of HSR operation in China since 2008 provides an ideal case to study the influences of high-speed transportation on city tourism. Furthermore, the DR assessment allows us to explore the treatment effects in greater detail.
Applying a GDID strategy, the following conclusions are drawn. First, on average, HSR operation has significant and positive effects on tourism, regardless of whether it is domestic or international, and both the tourist arrivals and tourism revenue of cities are increased when there is HSR in operation. For example, HSR causes the number of domestic tourists to increase by an average of 3.41 million. Second, we tested the parallel trend assumption of our model using an event study. For each outcome variable, the dynamic effect plots confirmed the validity of our method, and the effect of HSR on tourism increases over time. Third, the treatment effects of HSR are heterogeneous by size; on average, the treatment effects are not optimistic for large cities, but they are generally significant and consistently positive for medium-sized and small cities. Finally, when dealing with the treatment as a dose rather than as a dummy variable that takes the value of zero or one, the DR assessment provides much more detailed information on the treatment effect of HSR on city tourism. The results show that HSR may actually bring benefits for the tourism of large cities owing to their more highly developed HSR infrastructure, with an effect on domestic tourism that is approximately linear to the number of HSR lines/stations. For medium-sized and small cities, the effect is smaller, and the pattern of the response function has a different trend.
One feature of this paper is that we relax the assumption that all cities have the same and average treatment effect by applying grouping estimations and the DR assessment, indicating that the treatment effect is heterogeneous rather than invariant. Our findings have strong policy and research implications. In terms of policy, managers should pay attention to the rank and the endowment of a certain city, since the marginal effects of HSR on city tourism may differ. Additionally, given the DRF of the HSR treatment, to gain long-lasting tourism benefits from HSR operation, governments need to provide more convenient and accessible HSR networks. In terms of academic research, further study should pay more attention to the heterogeneity of treatment effects, such as size, accessibility, location, and tourism service. Moreover, there may be some indirect way by which HSR affects tourism, for example, the regulating effect and the mediating effect. Further research could explore these effects to clarify the mechanisms by which HSR will affect regional or city-level tourism development.
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Appendix A
The classification of cities is based on an index algorithm built by the Rising Lab. Table A1 shows a simple introduction of this index algorithm. The basic information in the third level contains 56 variables, including some traditional variables such as GDP, per capita income, enterprise quantity, and passengers, as well as variables indicating business behaviors calculated with big data from 170 brands and 19 internet companies. When calculated, cities are ranked based on the total index, and are then divided into five classes considering the index value and the performance of the five first-level indexes using the clustering method. Table A2 listed the names of the cities for each class. For more information and the full list of cities, please refer to http://url.cn/5e0NQhN. 
